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Antibodies and antise^ 

receptors, selectively M^^ 

intestinal transit and permeability in mice 

^ •OIga ftI, , LI«ls Valle, 'Pilar Sanch^ 

^Department of Anesthesiology, Hospital Univ^^ 

-Department of Neuropharmacology, Instituto de Neurobiologia Santiago Ramon y Gajal. CSIC. Madrid, S 

1 We have studied th^ 

gastrointestinal . transit;;' GIT), .and .their ;'■ antagonism after the intracerebrbventricutar {iiciv;) 
administration of specific antibodies (ABs) or antisense o^^ 
; . (OR). Central versus peripheral site/s cif action of subcutaneous (sx ) Opioids, were also assessed. 

2 Male Swiss CD-I mice were used. GIT was measured with charcoal and PER : by the passage of 
5, Cr-EDTA from Wood to lumen/ " "''^1% ^ / )^ : V '■' ' ' :: \^'::r- . 

3 Morphine and femanyl (ix v. and s c.) inhibited GIT and PER in ^a 

were more potent by Lev. route, both on GIT arid PER (70 and 17 times for morphine and 
fentanyl). They also had a greater effect on GIT than PER (4.3 and 1.6 times) DPDPE had a lower ' 
potency than ;t-agonists in all experiments, and no dose-response could be obtained after s.c. 
administration on GIT, 

4 Pretreatmem with i.e.v. ABs (24 h) or ant isense ODN (5 days), decreased the e^ 
PER) of ix.v. morphine and fentanyl. while thosi of DPDPE remained 

y '• V alter the peripheral :fcft^^ . 

.5. The results show that (ix v. or s c.) /ropioids pr^ . • . 

being more potent by the ; i.c.v; route. Delta<)pioids had a greater effect on P 
opposite occurred for /i-agcmists. Pretreatmenr with ABs dr ODN to 
effects of /i (but not S) agonists on ;GIT and PER! ' > "-'.. 
Keywords: Gastrointestinal transit; intestinal permeability; /(-receptor antibodies: /i-antisense oligodeoxynucleotide: opioids: 
'./ peripheral effects / 

; Abbreviations; ABs: antibodies: CNS. central nervous system: DPDPE, [D-Pen-]- enkephalin: ix.v., intracerebroventricular; , I 
GIT.' gastrointestinal transit: ODN. oligodeoxynucleotides: OR, opioid receptor; sx., subcutaneous 



Introduction • ' 

■ Cloning of the 6 (Evans et aL .1992) /i (Thompson et aL 1993) 
; and a- (Chen et aL 1993) OR has provided hew tools to study 
the pharmacological effects of opioids at the molecular level 

: (Mchg et aL .1993). Although the structure of the three OR is 
highly homologous, they have discrete regions which contain 
sequences unique to each receptor ( Mansour et aL 1 995). that 
have been particularly useful for generating ABs (Garzon Vr 
a/. J994; 1995) and target the specific receptors using antisense 

k ODNs (Lai ^ aL 1994; Bilsky et aL 1996) Both probes have 
been used to study receptor mediated functions in vitro and in 
vivo ( Wahlested *>/ .aL 1993). Thus, the i.c.v. administration of 
antisera generated against the ammo-terminal portion or the 
peptide sequence of the second extracellular loop of the cloned 
/t-OR, decreases the antinociceptive effects of /i-specific opioid 

. agonists in. mice (Garzon & Sanchez-Blazquez, 1995). 
Similarly, the ix.v. administration of ODNs targeting specific 
regions of mRNA for the //-OR. also block the supraspinal 
antinociceptive effects of morphine (Rossi et aL 1994; 

s Sarichez-Blazquez aL 1997), while random sequences ODN 
are inactive. In addition, ODNs have been reported to block 
opioid induced inhibition of GIT in mice ( Rossi et aL 1995). 

■ The inhibitory effects of systemic opioids on gastrointestinal 
function, are mediated by OR located at central (CNS) and 
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peripheral sites (gut j (Shook et aL 1987). In mice, inhibition of, 
GIT by opioids is produced by binding predominately to /f and 
fOR (Porreca W ^ 

sites; however, the precise implication of each anatomical site 
is not well established, pther intestinal effects of opioids such : . 
as the inhibition of water and electrolyte permeability have not \ 
been completely characterized. , ^ 

' The primary aim of our investigation was to characterize 
the effects of // and d opioid agonists on intestinal iPER and 
their predominant site of action (central ys peripheral). In 
addition, we wanted to determine if the ix.v. administration of 
specific /i-OR ABs or antisense ODN to //-OR; could reverse 
the effects of /i agonists, on GIT and intestinal PER. 

Methods * 

Animals . 

Experiments, were performed, in male Swiss CD-I mice, 
weighting 20 - 25 g. Animals were housed under 12 h light 
and 12 h dark conditions in a room with controlled 
temperature {2TQ) and humidity (66%). Animals had free 
access to food and water and were allowed to become 
acclimated to their housing conditions for a least I week 
before, the study. All experiments were conducted between 
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09 00 h and I4 p0:h. The s^Y Protocol was approved by the 
local Con^ Care of our Institution 

and in accordance guidelines of European Commu- 

nity on Care and Use of Ujboratpry Animals. 

Gastrointestinal transit (GIT) 



C&Stroiri^ 



-wasu 



iihe^urW^ the 

pri^iu^^ 

!;^$!^ befiue. the. 

' eiqprin^ 

a dha^^l^ acacia) 



was ^hroms^iriwfeiQt^ 




to the total length of the small intestine (% of G 
/ntestpiqlffi 

Permeability of the small intestine was assessed by measuring 



- log _ 

accessltOA water; 

'ja^^^^p 

jexc^io^f^^^^^^^i^!^ 



"^^^fbr^. 



* i||^e|unne. Animals 
i, .v»^/^50;min; and at this tiihe 




^ciMS^^S@i^|^J^^$^^^#W "-are 
expre^^as vd:p!^ wet weight; tissue. In these 

:'e*j*^^ min- before the. 

intravCTOus admirii^ 

■ . 1§^^»fe!^v&iv . . . . 
Ihtracmbroyenthcularahm left: 




Ahiit^ie&fa 



The ABs used 



in the^stu^y ^w: the.pblydonal antisera MAS/. 



. 'the'/ ammo-terminal 




^cl^f^sl^ted^th three 



S&eunmune sera or 
10 mifu :were used as a 



Synthesis of oligodeoxyriucteoiidesifO 

End-capped phosphorothiodate ODN^ were synthesized on a 
CODER 300 DNA synthesizer by phosphorainidite chenu 
(Matteucci & Caruthers, 1981). The mtroduction of phosphor- 
othioate linkages was achieved by tetraethylthiuj^ dtsulphide 
sulphurization (Vu HisdhW 

purified/ by Jrevei^phase ^^ii^i^^pyMiS®^K^M 
trid^(Cnia^^ 
acetbiuunieTwater^reth^ 
90 France): Sequences were; as fpl^ 

sponding ttf nucleoid^ 

sequence.(Mm.^ ,f?97i^and^ 

TA<^CtTT£^ 

Sanchez-B^uez et a/^ 1995)1 . J;-,- V ' ^ " # 
OUgodeoxynucleotide^ solutions were 
saline immediately before assess the specificity of the; ' 

treatments with ODNthree separate control groups of mice (6 - 
8 per group) were used: noninjected animals, animals receiving ^ 
i.c.v. saline and mice injected with a randon^ 
(ODN-random). In all experiments, treating 
tered according to the following schedule: 1 nmpl on days 1 and 
2; 2nmbf on 
inhibit 

Groups of Experiments . . * . 

The effects of p and c> opioid agoniste admpstere^ 

s.c. routes, were evaluated on GIT an^P^^Vc 4ete^hc<ik^ 

(a) dose response curves to i.c.y.jpr sx. irrK>^ 

DPDPE jn cpntfoK 

i.c.v. morphine, fentanyl and DPDPE in aniinals 
i.c.v. (MR ABs or ODN and (cj tte efl^ 
peripherally acting p agonist) and morphine, after the^i.c.v; 
administration of $*OR ABs. 

Drugs 

The drugs used were: morphine sulphate (Alcaiber S.A., 
Madrid, Spain). fentanyl (Syntex Latino S^^^ 
PL017[^^ 

: PenZ5] (Research Bi 
were dttsolved in sterile jpiyroge^ 

just before use. and injected s.c. (10 nil;kg- !l^^c.y.i(5:^ ; v - 
Data analysis . / > 

The inhibitory effects of opioid agonists are expressed as the ^ 
percentage of tiihibition of the GIT or PER in a drug treated • 
animal (test) when compared with the;me^ ^|T 
measured in the corresponding group of control nuoe (n = ^ - 8): ? 

% inhibition = [(control - test)/(control)] x 100 

Data are expressed as a group mean±s.e.ntean All. statistical 
calculations were performed as described b> TaUarida & 
Murray (1986), EDjols-e. (dose which ; produced a 50% eflect) > 
values were determined by linear regressionTaLt£yysis^ 
response relations based on at least six toj«j£tjm^^ 
Statistical' analysis for significant difrerefi&ibet^^ 
groups were obtained by Student's /-test; wheh multi^ 
were compared; one way analysis or varian« :(ANOyA) ' 
followed by a Student-Newman-Keuls test, was used whenever ^ 
applicable, A value of P<0,05 was considered as significant. 
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^Dose-response curves to morphine, fentanyl and DPDPE 
^fff on gastrointestinal transit and intestinal permeability 

In each preparation, opioid agonists were evaluated after 
pi^rninis^ ix, v. or sx. routes. Dose-response curves 

^lwere;per^^ fentanyl and DPDPE (Figures I 

P and ED^vvaiues calculated as a measure of 
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potency (Table I). For each route; the cuiVestof^ 
fentanyl were parallel and reached valuesiapproximately 
80%. The Lev. administration of DPDPE also derated dose- 
response curves, with an E mt% for PER of while that on 
GIT was 52.2%. When DPDPE was admirustered by the s c. 
route, a dose response curve was obtained! on^ERftthat 
showed a significantly different slope than mor^^ 
fentanyl, and an ^ 

be obtained after the s c. administration of DTO , 
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-MORPHINE 
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-DPDPE 
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-FENTANYL 
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;Fignre 1 Dose response relationships for the i.e. v. (A) and sx. <B) 
administration of morphine, fentanyl and DPDPE on the. inhibition 
^■p^GIJ^ntinice. Each point represents the mean ±s,e.mean of six or 
h more animals. ri ' : ; . ••" •'•-.> • •- 



FlgDR 2 Dose response relationships for the i.c.v. (A) and sic. (B) 
administration of morphine, fentanyl and DPDPE on the inhibition 
of intestinal PER in mice. Each point represents the mean±s.e.mean 
of six or more animals. 
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of 38&nniol.;:^ has a lower 

■ : p$eij^:^ all experimental 

cp^dh.|pi^^n;'t^ curves obtained 

*witjv?jE^ in the 
i inhibit?^ 



(GIT: basal 52.0 ±3.1 vs treated^^^ 
2587±326.5 vs 2366.5 ±3G*.y:p^ 

obtained with KlAS/l and Mp^%i^^^0%0^m 
dose of i.c.v. morphine, feritanyl orD^ 
were evaluated in animals tre«;ed (24:h before) with eadi 
antiserum at three different dilutions ( 1 : 100, 1:1000 and 




tRegarfl 




characteristics : ( ES;V slope)! 
obtained. > 



dose-response 



s to i Tihe i c.v. administration ?; of the Dolvclonal A Bs MAS/2 i 




"however; the Tdiffere Significative 



tafc^t^ TO and 
; l - s.c. opioid agonists oh % inhibition of GIT' anil intestinal 



tysi tlrugs y i.i - .r . ' * " * \ - am*. 



•"\^ ; V."ri;ft 

i.c.v. : 



' Morphine 11 
■■Slope 

■ ^Vsiope^;, 
^DPDPE"--' 1 ' 

:>;vED^ . 

,;^Si6pe : v , 



0.85 + 0.07 60.7 + 3:8* 3.8+0.016 26 U ± 10.2* 
49:3 + 2.9;. 42.5 + 2.5 47.1 + 1.1 47.3±2.4 
-87.9 i; 815 ' ' .'79.4 •: 78,9 



o.b83£d$4 • ; i.4+:d^*, 6;i4%0'04 : 2.47±o:3* 

?$2:o+f3i8 v ^i+i9< :, '57:iV7is.*- : -^53.7+ l, 5.o 



1.5±0:09 
22L9V23 



48:1 + 1^ 

-84:3; \; 



$7;4±7:5. 



s 23:1+4:2 
48.8+4:2: 
V80:iK 



53.7+5.0 
•85.2 



3.8+0.1* 

: 25:1+2:0* 
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Ttbk 2 ED.tn ratios of morphine and fenanyl according to 
the; route of administration (sx./i.c.v.) and experimenal 
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CPREOOAJME SERA HAS (1:100) ip^(1:|a»]^ 3AB (1:10000) 

Figure 3 inhibition of Git induced by tKe ix.y. aaVini^^on 'of ^ 

1.5 nino! im^ine(A),^ 

(C). Animak were prrtrated ' with pr« 

(MAS/2 . or MU/2EL) at three . diluUons^ ( il :40ft ^^lOW^nd 
1 : 10000). Solid bars show the effects of -morphine j( MS), f^ 
(FN) or PPDPE in nomnjected'mice. Each cpl^h ^ 
mean ±s.emean of six or more animals. * P < 0.05? when com^red' to 
control (Student-Newman-Keuls test). : >! t * - , 
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■I : IDOOP).. Doses of opioids, that produced approximately a 
^-70% -inhibition of GIT or - PER^erc utilized in all 
% experiments, $xc^ GIT, where 

the dose that produced the maximal effect was used (7.7 rimol). 
/' Control; animals received i.c.v. preimmune sera instead of the 
; ABs. In all experiments, opioid agonists produced the same 
;^in^ in noninjected control conditions and iir 



■MS(7.5nmol) 





^aeno^ (i:ioooo) 

J*™lll^ -(B) 
.■'iBIPJi^ 



animals receiving i.c.v. immune serai Treatmenwwith aniH/i- 
OR ABs, . significantly decreased the effects of^moiphine and 
fentanyl on GIT and PER. Figure 3 A shows theiinhibition of 
GIT induced by a fixed dose of i.c.v/mo^hine ( I 5 nmol) in 
'control conditions and in animals pretreated with iiiwiiwe 
sera, MAS/2 or MU/2EL antiserum/ When comparing the 
GIT, reflects of morphine in the ^ different^perimentaj; 
conditions; ANOVA revealed a significant 
at dilutions of 1 :100 and I : I0ui^<jD;^ 
were; obtained with 6.28 nmpl.of '^jtanxjp^^^V 
P <0.Q\ i Figure 3B). In contrastv^ejanti 
DPDPE a ^selective agonist (7 J nmol),>vas 



Figure 4 shows that preu^tment withland 
similarly bk>cks the effects of ix v m$i^^ 



ANOVA revealed a significant ,tf^b^ 

at 1 1:100 , and 1 : 1000; similar, results wer^ "o^s^^ ' with 

0.2^nmol; of fentanyl (Figure 4BC P*M^ 

effectsof DPDPE (61 .6 nirnql) were hot significantly altered by ... 



ism obtained with each AB can 



; ;QrossJy i; ^^^ 

; eflecis^or morphine (8 1 17% ■inhibition k;^ie^i5)f^^^^. 
active blocking the antitransit effects of fentanyl \( W^iSln . ?• 
addition, the inhibition of the effects of opioids by the ABs are 
more apparent : on GIT^ '* - 

ODN jo n-OR mRNA on the : < 

(uimbustratiotr of opioids ' / \ 



The effects of opioid-agonists were evaluated after reducing the • 
density of /i-OR in the CNS by the i.c.v. administration of 
antisense ODN directed tp /i<)R mRNA. Initial experiments 
were performed in order to detennine the effects of 
administration of ODN to p-OR on basal GIT and PER. The 
multS'Sto^ 

14% r&p«tiye^ 3i. :Hpvwyer; \wh^tii«j^^fe^^;i 
compai^ with i the^ different controls (noninjected v 
dpN-randpm);^ differences were observed (one 

way ANOVA); Jn:each; jpireparation; we tested the same doses 
of 'Lp.v. opioids used in the experiments with ■ ABsl^ - / - \ ' 
, The results show (Figure 5) mat treatment with G p> 
ORv significant^ decreased the effects of mbrphihte t^O.OS) 
and -fentanyl (P<o:05) on IGIT-and PeK, while 1 those of 
DPDPE were unaltered!. The ODN blocked 63% of the effect 



' Tabic 3 Gasiroiniestinal transit (GIT) and. permeability 
,* (PER) in noninjected anhnals and mice treated uith i.c.v. 
saline. ODN-random or ODN to i*OR 



Route (Lc.r.t 

• Noninjected 
Saline 

ODN-random 
ODN. P-OR 



c/r% 

50J±3 1 
47.9±l.6 
47.4+1.9 
4lJ±17 



PER (d.p.m. g " 1 ) 

2599.5 ±363.0 
2574.1 + I04J 
! 2565.0 + 204.2 . ■ 
.2228.8 + 233.0 



Results are expressed as mean \*alues±s.e.mean of 6-8 
animals per group. No significant differences were observed 
between differeni treatment groups for each test (Student- 
.Newman-Keub test). 
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of morphine on GIT and 74% of PER; the effects of fentanyl 
were similarly antagonized (52% oh GIT and 60% on PER). 

Effects of s.c. PIO 17 ( a peripheral ^opioid agonist ) and 
nwrphine on GfT and PER, after the i.c.v. 
administration of n~OR Afls 



:'^^£x^ intestinal - 

(j* riphira^ with i.c.v. 

■ ■ ^£We|ievai^ . ji opioid ^ 
agonist to 

s c ^ central 

;and/oryjhtwfi 

(Shobif^rttA^W used doses of 

morp^ ' 2<T >and^ 70% 

; mjiibit ion" of ,:GITI^^ • thkt ' the ABs 

( 1 : 100) did --riot -alter the efects of PLOI^ low doses of 





■ NOWRJECTED 



OSAtttC 



■OONihOR 



; 5 / ' H^^i^" ^f G IT^ ( A )/ami^intestinal : PE R < B) induced by 
Mfetovg-^ in 
animals; pr^iedp^^li^ ODNrrandon^or. ODN to /i-OR 

animals.v^R<0.05;^ 

Keuls test): . r .- ;• - 



morphine on GIT or PER. However, ^inhibitory effects of 
high doses of s.c. morphine were partially antagonized in 
animals treated with i.c.v. ABs. 

The results show that the effects of high doses of morphine 
are mediated by binding to centiJ as well as intestinal OR, 
while the effects of low doses of morphine and PL01 7 are 
mostly peripheral. 



Discussion 

The present study demonstrates that morphine and fentanyK 
administered i.c.v. or. s.c., produce dose-related inhibitions of 
GIT . and PER. Both agonists- were i^^:' li^^t^^&^l 
inhibition of GIT than PER, suggesting that transit was morel 
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■NONtNJECTED' OPRE0YWUNE SERA BMAS/2 (1:100) •MUQEL (1:100), 

Figure 6 Inhibition of GIT (A) and intestinal PER (B) induced by 
the s.c. administration of morphine (low and. high doses) and PL0I7, 
in animals pretreated with preimmune sera or ABs to ^OR (MAS/2 - 
or MU/2EL) at a 1:100 dilution. Each column represents the 
mean ±s.e. mean of six or more animals. */ > <0,05, when compared to 
control (Studeni-Newman-Keuls test). 
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"' ^g^irt, is . effective decreasing, PER; than , GIT. 
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^ Morphine when' 
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Repeated i.c.v. injections of an ODN complementary tojthe 
: bases 1 6 - 32 of the murine /i-GR mRN A, significanUy reduced 
the central GIT and' PER effects of morphine and fentanyl. 
the, same ODN (Sanchez-BIazquez et ai, A991) welhan 
another ODN targeted to the first 18 nucleotides .■of the rat,/i- 
OR (Chen et aL r 1995), have been shown to significantly 
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and submucosal plexus^ 
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e/ 19%). In our study: the adnw 
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^ ^ ^ hot, alter the peripheral s 
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